Introduction ATIONAL standard SORS 8069/91 prescribes procedure of the assessment of chemical stability of nitrocellulose (NC) gunpowder (GP) by periodical measuring of the remained stabilizer contents in natural aged GP in storage condition [1] . Periodically examinations of chemical stability of different type of single base GP in laboratory of TRZ Kragujevac, by measuring of stabilizer contents, were carried out. Analysis of results of GP chemical stability control, has shown that the measured values of remained stabilizer in single base NC types of GP, after about twenty years of storage in powder collection with continental climate conditions (KB-1), were at expected level.
However, in literature there were results of periodically control, that indicated a rapid decreasing of chemical stability of some series of NC-40 powders, storaged in collection KB-2 in conditions of mediteranean climate and delaborated from ammunition [2, 3] . According to that the aim of this examiation was prediction of storage lifetime (lifetime) of different series of single base type NC-40 which were storaged in KB-1 colection of powders. In this article, the results of periodical measuring of stabilizer content with time in GP under conditions of continental climate in Kragujevac is used for lifetime prediction of single base NC-40 powders.
The results of systematic temperature monitoring in ammunition depot showed that the average annual temperature in the M-40 type warehouses in the continental part of the country is 15 o C [4, 5] .Therefore, in the calculations, as the average annual temperature in powder collection, KB-1, with continental climate, a temperature of 15 o C was used [2] [3] [4] [5] .
By the mathematical description (exponential kinetic model) of the results of the periodic measurements of the stabilizer contents with time (in years) under storage conditions (
), it is possible to determine the constants of the rate of reaction of the stabilizer consumption in KB-1 at the storage temperature, 15 C k [1, 5] . Nowadays, standard AOP-48 Ed.2 for the lifetime prediction of powder and propellant at ambient temperature 25 o C is very actual [6] . Standard prescribes accelerated aging of GP by heating of sample at multi-temperatures. The experimental results of the periodic determination of the stabilizers content in accelerated aged of GP are mathematically described by application of the n th order kinetic model. Arrhenius expression is using for the temperature parameterization of the stabilizer consumption from the test temperature to an ambient temperature of 25 [3, 10, 11] .
In the domestic literature there is data about extrapolation from the storage temperature to a temperature of 25 o C using the literature experimental value Ea = 122 kJ/mol. In this work, experimental value of Ea experimentally obtained for same type of powder according to AOP-48 Ed.2 will be used.
In our country, the results of the research in which the extrapolation from the storage temperature to an ambient temperature 25 o C was performed, using empirical Ea = 80 kJ/mol were not published.
By 
Theoretical part
Single-base nitrocellulose GP is based on the nitro-esters which undergo slow thermal decomposition even at ambient temperature. The products of degradation can cause a reduction of chemical stability of GP and lead to self-ignition due to the exothermic nature of reactions involved. The GP are the most frequently stabilized with diphenylamine (DPA), and chemically bind the evolved gases and remove them from the matrix [2, 3, 10] . The monitoring of the stabilizer consumption over a time-temperature conditions permits the estimation of lifetime of GP. There are several different approaches, which involve the accelerated ageing of GP samples at various temperatures.
The results of periodical measuring of the stabilizer contents in different temperature -time conditions can be mathematically described by kinetic modelling using different kinetic expressions for rate of reaction of stabilizer consumptions.
According to actual standard AOP-48 Ed.2, for prediction of the lifetime of artificially aged GP, experimental results of stabilizer consumption can be described using expression for rate of reaction of the n th order [6, [8] [9] [10] 12, 13] .
By separating variables and integrating, an expression is obtained, which is used to describe the experimental data of the stabilizer consumption.
where: - The temperature dependence of the constant of the reaction rate of the stabilizer consumption is given by Arrhenius expression (4).
where: -Z -preexponential factor; 1/day; -Ea -activation energy of stabilizer consumption reaction, J/mol; -R -universal gas constant; R = 8,314 J/mol·K; -T -temperature, K.
The extrapolation of the calculated constant of the reaction of the stabilizer consumption from the temperatures of accelerated aging to the storage temperature is carried out using the Arrhenius expression. For different kinetic expressions (the zero , the first and n th order) the temperature dependence of the constant of the reaction rate of the stabilizer consumption is given by Arrhenius expression:
The lifetime of GP is the period during which the GP can be safely stored without risk for shelf ignition. Lifetime of GP (ty S ) is calculated as the time required for consumption of a certain value of the stabilizer content, Y S , at the storage temperature:
Experimental results of remained stabilizer measuring in naturally aged GP can be described using expression for rate of reaction of the first order (exponential kinetic model) [1] [2] [3] 5, 9, 10] .
where: -C S (t,T) -the content of the stabilizer in powder, depending on the time, mass %; -C S (0) -the initial content of the stabilizer, mass %; -k 1 (T) -reaction rate constants of the first order of stabilizer consumption, at temperature T, 1/day; -t -time of ageing, day.
Constant of the reaction rate of the stabilizer consumption at temperature T, k 1 (T) is calculated according to expression
For first order reaction, 
There are different procedures of temperature parameterization of the reaction rate constant of stabilizer consumption, but in this article, focus is on the application of Arrhenius and Van't Hoff expressions [11] .
According Arrhenius expression (4), relation between time-temperature loads at two conditions (t 1 , T 1 ) and (t 2 , T 2 ) with one value of activation energy at all temperature interval from T 1 to T 2 is given [8, 11] .
where: -k 1 (T 1 ) -constant of stabilizer consumption rate at the storage temperature T 1 . 1/day; -k 2 (T 2 ) -constant of stabilizer consumption rate at the measurement temperature T 2, 1/day; -t 1 (T 1 ) -time required for consumption of a certain stabilizer content at storage temperature T 1 , year; -t 2 (T 2 ) -time required for the consumption of a certain content stabilizer at the measurement temperature T 2 , days; -T 1 -storage temperature, °C; -T 2 -measurement temperature, °C.
Standard AOP-48 Ed.2 and standard STANAG 4582 are using the same extrapolation procedure. For extrapolation data of stabilizer consumption in temperature interval under the 60°C, empiric activation energy Ea = 80 kJ/mol should be used and for extrapolation in temperature interval above 60°C, emp iric activation energy Ea = 120 kJ/mol should be used [6, 7] .
Van't Hoff expression can be used for the temperature parameterization of the reaction rate constant of stabilizer consumption, too [3, 8, 10, 11] .
where: -F -factor of change of reaction rate of stabilizer consumption for temperature change 10°C;
-t 1 (T 1 ) -time required for consumption of a certain stabilizer content at storage temperature T 1 , year; -t 2 (T 2 ) -time required for the consumption of a certain content stabilizer at the measurement temperature T 2 , days; -k 1 (T 1 ) -constant of stabilizer consumption rate at the storage temperature T 1 , 1/day; -k 2 (T 2 ) -constant of stabilizer consumption rate at the measurement temperature T 2 , 1/day. Factor of change of reaction rate of stabilizer consumption (F) is the ratio of the constant of reaction rate of the stabilizer consumption during aging of the powder at two temperatures, which differ by 10°C. Factor F is bound to the chemical nature of matter and therefore has a constant value, regardless of the composition of GP and their behaviour in aging.
-t 1 -time required for consumption of a certain stabilizer content at storage temperature, year; -t 2 -time required for the consumption of a certain content stabilizer at the measurement temperature, days; -T 2 -measurement temperature, °C; -T 1 -storage temperature, °C; -ΔT F -temperature range for the factor value F used. For this application, ΔT F = 10°C is used.
Experimental part
The samples of NC-40 MBL 9226 powders were artificially aged in heating tubes within thermal-blocks at Experimental results of diphenylamine (DPA) consumption in NC-40 MBL 9226 single base GP during multi temperature heating, according to AOP-48 Ed. 2 were used in this article [2, 3] . The values of the content of diphenylamine in the tested NC-40 samples were determined by procedures which are described in literature [2, 3] . Liquid chromatograph "Waters 1525 EF Binary HPLC Pump" with a thermostat for column heating, the manual injector "Rheodine Model 7125", and the photodiode array detector "Waters 2998 PDA" were used for these experiments, Fig.2 . Liquid chromatograph "LDC/ Miltоn Roy 3000" in laboratory in TRZ Kragujevac was used for these experiments, too. 
Results and discussion
The results of the HPLC analysis of the powder samples subjected to accelerated ageing were described by the kinetic model of n th order and presented in Figures 3-6 . The lines in these figures represent the curves, fitted by the method of least squares in accordance with expression (2) for the reaction of n th order to experimental data. The Arrhenius plots of the reaction rate constants of the consumption of DPA are presented in Fig.7 for the powder NC-40 MBL 9226. The reaction rate constants of the consumption of DPA at various temperatures and the kinetic parameters of the model of n th order are showed in In Table 2 , the results are given of periodical HPLC measuring of stabilizer contents for series MBL 8511, MBL 9024 and MBL 8922 of naturally aged single base NC-40 powder from KB-1 collections in the conditions of continental climate. Results were mathematically described by the exponential expression for the reaction rate of the first order (6) and reaction rate constants of the consumption of stabilizer DPA, k (15 o C) at T KB-1 = 15 o C were obtained as a slope of line (7) and displayed in Table 2 . (8) .
It is important to note that the predicted lifetime of naturally aged powders which were calculated at the average annual storage temperature,15 o C, would only be achieved in the absence of deviations from the prescribed technological parameters during the production process of GP and in the absence of deviations during the storage of GP in optimal conditions. However, in reality, this is impossible to achieve.
Since some ammunition during many years of storage has been removed from the warehouse several times and has been operating under unfavourable conditions for a certain period of the time, it is necessary to estimate the average storage temperature, which is about 20 o C. To additionally include other factors (conditions of the storage, change in the mechanism of consumption of the stabilizer, humidity, etc.) that influence the chemical stability of powders under natural storage conditions, in order to reliably predict of service lifetime, it is necessary to take into account the ambient temperature of 25 o C, as prescribed by standard AOP-48 Ed. 2 [6] .
Therefore, it is necessary to extrapolate the obtained results from the conditions of natural aging of powders in KB-1 at 15 o C to ambient temperature 25 o C, Table 3 . The temperature parameterization of stabilizer consumption in naturally aged powder NC-40 (series MBL 8511, MBL 9024, MBL 8922) was carried out using the Arrhenius expression (10) . The empirical values of the activation energy was 80 kJ/mol or 120 kJ/mol and value of activation energy was Еа=109,5 kJ/mol, which was experimentally determined for the same type of NC-40 MBL 9226 powder by AOP-48 Ed.2.
The temperature parameterization of stabilizer consumption in naturally aged powder NC-40 (series MBL 8511, MBL 9024, MBL 8922) was carried out using the Van't Hoff expression, too (11) .
The Table 4 shows the results of the lifetime prediction (9) of three series of naturally aged powder NC-40 at 25 o C at different degrees of degradation of the stabilizer, Y DPA (8) .
The results of lifetime prediction of accelerated aged powder NC-40 series 9226 according standard AOP-48 Ed.2 are presented in Table 4 By analysing the results presented in Table 4 , the best approximation of the calculated values of the lifetime of artificially and naturally aged powders were noticed when the empirical value of activation energy Ea = 80 kJ/mol was used for extrapolation from 15 o C to the 25 o C. The lifetime calculated by using the activation energy values Ea = 80 kJ/mol, is also consistent with the lifetime calculated by using of the Vant Hof's extrapolation method with F = 3.
In Table 5 the results are given of calculating of the lifetime of powderNC-40 MBL 8511 and NC-40 MBL 8922, which showed the highest agreement with the results of the accelerated aging of powder NC-40 MBL 9226. Nowadays, for lifetime prediction of powders and propellants the NATO member states use the very actual standard AOP-48 Ed.2. It is based on accelerated aging of powder and description of stabilizer consumption with a kinetic expression of n th order. It is worldwide used standard which presents great progress in the area of chemical stability and lifetime prediction of GP.
Time for % stabilizer consumption at 25 The use of empirical activation energy of 80 kJ/mol is reliable for use in this case, because it contains a certain safety factor, which takes into account all parameters that, in the conditions of natural aging, significantly affect chemical stability, such as storage conditions and changes in stabilizer consumption mechanism. This conclusion is consistent with the current STANAG 4582 extrapolation process. Mentioned extrapolation procedure or temperatures below 60 o C, prescribes the application of the empirical value Ea = 80 kJ/mol [6, 7] .
From the ratio of the reaction rate constants of the stabilizer consumption in powder NC-40 MBL 8922, Table 6 . Ключевые слова: чёрный порох, однобазковый порох, химическая стабильность, хранение, безопасность, стабилизаторы, естественное старение, искусственное старение, оценка безопасности.
